A unifying definition of refractory epilepsy has been hotly debated but, to date, has not been agreed upon. Evidence from clinical trials indicates that some patients actually are not refractory, as many will partially respond to add-on treatment or will worsen when antiepileptic drugs (AEDs) are removed. There are several important issues relating to the assessment of AED response that routinely have not been addressed in the determination of treatment responsiveness, such as incorporating baseline seizure severity, including partial response rather than solely an all-or-none response, and the consideration of variability in response over time.
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At the time of diagnosis of epilepsy, there are few clues other than basic epilepsy syndrome categorization that identify the relatively "lucky" individuals, who will have few seizures in their life and may eventually be able to discontinue therapy, from the unfortunate patients, who will have to struggle with recurrent seizures despite interminable medication changes and additions. While a great deal is known about seizures and epilepsy, surprisingly little is known about the identification and causes of refractory epilepsy. Fortunately, many investigators now are studying this critical issue, both at the basic science level as well as the clinical level. Current investigations include attempts to determine the underlying pathophysiology involved in failure of drug treatment as well as to identify genetic underpinnings of treatment resistance.
In order for the studies to succeed, it will be essential to separate out refractory or treatment-resistant patients from those who are responders. To this end, a very important question must be asked: do clinicians know a treatment nonresponder when they see one? Unfortunately, the answer may not be as straightforward as initially appears, because the definition of responder varies enormously among both clinicians and investigators. Even the name for this group of patients cannot be agreed upon. Many terms have been used, including "treatment nonresponder," "refractory," "intractable," and "drug resistant." One might imagine that each of these terms would confer a slightly different definition, but indeed all are used interchangeably, perhaps exemplifying the confusion.
The epidemiology of refractory epilepsy is complicated by several issues: (i) There is no unifying definition of refractory epilepsy. (ii) Patients do not necessarily become refractory immediately at the time of diagnosis, nor do they inevitably remain refractory throughout the course of their illness. Therefore, the same patient might be identified as refractory at one time, but treatment responsive at another. (iii) Response to medication is assessed without a pretreatment baseline, as most patients are treated rapidly after diagnosis. Therefore, it is unclear whether or not so-called refractory patients have had a substantial response to treatment. (iv) There is reasonable evidence from clinical trials that patients that are defined as refractory will respond readily, although not completely to therapy. Each of these thorny issues will be addressed in this article.
Defining Refractory Epilepsy
The relative frequency of refractory epilepsy varies from study to study but typically comprises approximately a third of newly treated patients. The definition used to distinguish responders from nonresponders is variable and, indeed, can differ substantially. Because of the impact of even a single seizure on physical, social, and psychological function, the clinical goal of therapy has been complete elimination of seizures. This clinical goal has been translated by many into a research definition. For example, in several landmark studies evaluating incidence of refractory epilepsy from the time of diagnosis, treatment nonresponse is defined as the occurrence of even a single seizure breakthrough, within some period of follow-up (1-3). Using this definition, patients can fall into only two categories: remission or resistance. Presumably, patients then may be identified as treatment resistant if they are rarely noncompliant or have an intercurrent illness. In contrast, other studies have defined treatment resistance as the occurrence of one seizure a month for some specified period of time or have included the number of drug failures into the definition (4-6). Some enlightened studies have recognized that two categories of outcome may not be sufficient and have added a third, such as one that subdivided epilepsy outcome into "good, bad, and in between" (7) . Not surprisingly, the variability in definition leads to variability in results. A recent report investigated how many children from a cohort of newly diagnosed epilepsy patients would be considered refractory, if the definitions of treatment resistance from six different studies were applied (8) . Even though the definitions were reasonably similar, each led to different determinations of the frequency of refractoriness in this population, ranging from 9% to 24%.
It could be argued that the variability in definitions might be expected, since studies with different purposes might need to approach the problem in different ways. Surely, then, at least studies with a common objective would use a common definition. Unfortunately, this supposition has not proven to be correct. For example, recent studies looking for genetic susceptibility to refractory epilepsy searched for polymorphisms of ABCB1, a gene associated with expression of drug transporters. Two studies found that the polymorphism 3435C-T, which is associated with higher level of P-glycoprotein (Pgp) expression, was more common in patients with refractory epilepsy. However, two subsequent studies failed to confirm the findings. One possible explanation for the lack of confirmation may be the definition of treatment resistance that was selected, which ranged from as low as four seizures a year to as high as six seizures a month (9, 10) . Thus, very different populations were examined.
Once Refractory, Always Refractory?
If a common definition of refractory epilepsy were agreed upon, the next task would be to separate patients into categories of refractory and nonrefractory, as was done in the studies described in the previous section. In order to do so, one must make the fundamental assumption that a patient will fall into one of the two categories and stay there. Unfortunately, for many patients, the assumption may be faulty. Several longitudinal studies of the natural history of epilepsy have found that a large number of patients may fit each category for periods of time. This finding is particularly true with children (11) . In a unique study in Finland (please see the commentary by Dr. John Miller in this issue of Epilepsy Currents, which reviews the study), 144 patients presenting with epilepsy in childhood were followed from the time of diagnosis for an average of 37 years (11) . Only 16% of the patients were immediately seizure free and remained so, uninterrupted by relapse, and only 19% were treatment resistant throughout, without ever experiencing a remission. The remaining patients had some periods of seizures and some periods of remission.
It is particularly common for children with a history of febrile seizures to present with treatment-responsive epilepsy in childhood, followed by development of refractory epilepsy associated with mesial temporal sclerosis in adulthood (12, 13) .
A recent study of 333 patients presenting for surgical resection revealed that 26% reported a remission prior to surgery of 1 to 28 years (14) . Patients also move in the opposite direction, that is, from refractory to responsive. One study performed at an epilepsy center separated seizure-free patients into those who had been "easy to control" (i.e., easily became seizure free with low doses of medication) and those who had been "difficult to control" (i.e., required high doses or multiple treatment regimens to attain seizure freedom) (15) . Twenty percent of the patients fell into the "difficult to control" category. Presumably, these patients would have been designated treatment resistant early in their course, but treatment responsive later. Patients also may change categories following surgical manipulation. After temporal lobectomy, many patients will become seizure free but will require continuation of antiepileptic medication to prevent seizure recurrence (16, 17) . In a sense, these individuals have shifted from being treatment resistant to being treatment sensitive, which implies that drug-response failure is localized, at least in some patients.
All-or-None Drug Response: Is There a Better Way to Define Treatment Outcome?
Epilepsy differs from other conditions that have been examined for treatment resistance in that symptoms are intermittent, and it often is necessary to begin treatment before frequency of seizures and severity of disease can be ascertained. When seizures are not completely controlled, the conclusion is that the administered drug is not effective and that the patient therefore is resistant. However, without a baseline severity rate, it is impossible to know whether there has been no response or a partial response to treatment: a patient having one seizure a month after initiation of treatment actually may have experienced no reduction or may have had a 90% reduction in seizures. It may be an erroneous presumption that going from one seizure a year to none is a more significant indicator of drug effect than dropping from 20 seizures a year to one. Yet, in most schemes, the first patient would be deemed drug responsive and the second drug resistant.
In many other conditions, pharmacogenetic studies benefit from either an understanding of the severity of disease at baseline or the ability to obtain a relative, rather than a dichotomous, response as outcome. For example, it is difficult to imagine a pharmacogenetic study of breast cancer that includes patients with an isolated breast lump along with patients with metastatic disease and uses remission as the only measure of response to chemotherapy. Similarly, in a recent study of the impact of cyclooxygenase (Cox) inhibitors on postsurgical pain, the presence of a polymorphism in the Cox-2 gene was associated with a "significantly lower pain score on a visual analogue scale" (18) . It is unlikely that the study would have been successful if the only outcome assessed were pain versus no pain. In the assessment of newly diagnosed epilepsy, neither baseline severity nor graded outcome is taken into consideration. Some evidence supports the concept that baseline seizure rate has an impact on determination of treatment resistance. In several studies, patients with high baseline seizure rates prior to treatment were more likely to be drug resistant (19) (20) (21) . This fact would be hard to explain by any theory of drug resistance based on genetic susceptibility but would fit in nicely with the theory that it is harder to eradicate many seizures than a few.
Are Treatment-Resistant Patients Truly Treatment Resistant?
It is a strange irony that the only patients for whom clinicians actually can repeatedly measure treatment response are the socalled treatment-resistant patients. Studies of newly diagnosed patients cannot measure treatment response, because the natural history of any selected population is unknown, and there is no placebo control group for comparison. This concept may be much debated, but it stands as the reason why the U.S. Federal Drug Administration will not grant a monotherapy license based on an active control trial that compares new AEDs to standard ones, such as phenytoin or carbamazepine (22) . It is their contention that the percentage of remission seen both in the active control group and the experimental group, which are typically not different, may not result from a response to treatment but rather may represent natural history. In contrast, because the use of placebo is possible in randomized, placebocontrolled add-on trials for patients with refractory epilepsy, drug response is demonstrated in essentially every study. While the response rarely is complete, leading to lasting seizure freedom, it often is substantial. In studies of pregabalin, the most recently approved AED, 14% to 51% of patients experienced a 50% or greater reduction at doses between 50 mg and 300 mg (23) . It also repeatedly has been demonstrated that removal of AEDs in refractory patients produces seizure worsening, again, implying a treatment response. In several recent withdrawal to monotherapy studies performed to gain approval of new AEDs, the percentage of patients randomized to a "pseudo-placebo" arm who worsened when their background medication was removed was between 80% and 100% (24) .
Conclusion
There are still many challenges to identifying which patients are truly treatment unresponsive and to what degree. If progress is to be made in this area, much more thought needs to go into patient categorization. It is time to acknowledge that when it comes to defining treatment response, one size does not fit all. Different definitions will be needed for different purposes. If possible, definitions of treatment response should include information about pretreatment seizure rate and severity as well as about prior AED response. More information is needed regarding the natural history of drug response. Finally, studies that are investigating similar areas of epilepsy should, if at all possible, use the same definitions of refractory epilepsy.
